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(54) DIGITAL/ ANALOG CONVERSION CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To output an accurate 
analog signal by connecting plural current source to this 
current control circuit so as to control digital/analog 
conversion characteristic by current set information so 
as to execute nonlinear digital/ analog signal conversion. 
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SOLUTION: A current control circuit 13A is connected 
with the current sources 121 to 123 and outputs a 
current according to the content of a current setting 
signal CSA to input. Similarly, a current control circuit 
13B is connected with the current sources 124 to 126 
and outputs a current according to the content of a 
current setting signal CSB to input, Then the current 
sources 121 to 126 are provided with a current 
expressed by plural coefficients and convert a digital 
signal DI to plural nonlinear analog output AOUT 
according to the contents of the signals CSA and CSB 
to output. By supplying current setting information and 
controlling the characteristic of conversion from a digital 

signal to an analog signal like this, nonlinear digital/analog signal conversion is executed. In 
addition an accurate analog signal is output without omitting information originally provided for 
the digital signal. 
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1 

Wi&m i ] mtj-rzmmvwmoiBMt, mm* 

Miem 1 3r^st©*Mffl^¥©fc «t o Ttu^j mm. 
<Dnmm*)xim l fc fate is i:/;-At2^t§7to^ io 

x s *<d s feffi®r*7&v>t>nrcm. m m ommtpm n z n 

T*J9, 

n ^ntc^jfi ? ft tv ^ s «^tu* ¥S»cm l t ra c*J» 

«u ^TcD'^m^-f-g^m^j-r^a^facD^ 30 
[ 0 0 0 1 ] 

[ 0 0 0 2 ] 40 

»o , xs**;MB**ffl^fc t ot 5ftrv5 0 

Lj^U AMOiaJK^llBttt. 7^-n^fi-^iiSiJLT^ 
5fc»i>»-r^*;Vfil^«tt*ffll/^«ffitt^FttbT^ft 

fffr<rtV*aS"T?t», i^ftfr©0P57T\ V-+ r.'-'/vi 
[0 0 0 3] C©^%{i^^f T 9 0i$t LTtt, 50 



1 0 - 9 3 4 3 6 
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*l;^3:ft*j*©®lft#&5ftT^5o fi^ 
£ /HI 5 7 i-m Vi':''} - ,J)-PM^\) o rv HA • T 

■fuvmmmt lt«\ 0 7 ^Lfc«$©rro)mi 
[0004] zLtorVZfr • ri-u^mm^mii, 3 e 

v h©7^£;WP!^D r *7'7n^g^tg^-r§[s]gs 
0* L 7c <fc f3-^5 1 t7^i« 
5 2.-5 2 ? fc^^Snt^Sc 
[0 o 0 5] V:j - Th i a, A*JSft5r5>*;H3«§ 
D I C0f*J^tWlS-r^i±l^Jt|fjMB^0 E i ~ 0 E 7 *:-,77j 

■rsiatt-e3&5 0 fa-^s 1 a, 7v ; ^;ks^d i © 

1 OiHi&j&t, m (m=0~7) TSoTcif^ 
I'jO E i ( i Sm) t LT, Hi " 1 " tWfSf § 
M^*tH±FU H!/jniJte!f,;iJ O E j ( j >m) £ LT. 

nmm "o" tc^js-rs^^m^j-rs. 
[ooo6] m« 5 2,-5 2 .• a, m c * * ? ©m^t 
i , fcaui-r s«G£**rrs 0 ^«SRai 52. ( k = 1 - 
7) ta, f3-^5 1 frzommmiB^oEttfA 
tiztixis*). mmus 2»a, " 1 " ic^is-rsm^ 
0 e 1 #sa# s nfc 1 1 1 , y w& t % 

0^ mffil,*itit!?Za m^LX&%£vlc , VMM 

5 2,-5 27<DWM.tatji,tm^mmtnx^io, cco-r 

• r-;-rry^fthi^;4. £t<d*»BB 5 2 #m*i 

[0 0 0 7] fib^, c co r ^ ;U • 7' -7 n v&ift^l 
KTfi, XP-^IHISSS 1 ^\ 7-> 'V;l,' r! !; [) [ CDfik 

jtBCfcfiiaoitaSigs 2* mit-f'^fcfe^rti 

7]$iJSPfIfe| 0 Ei -O E. *tfi*rf So ^ LT, g-«gitil 
5 2l±, tt^t^ofctt^, luJLm^I,* 

tU^jfSOT*, H8fc^Lfc«fcpfc:, cKDx^^/l/ ■ 7 r 

ti*frr§7tn 7,'i'i h A „n >V ; (±J 7 j $ ft 5 0 
[ 0 0 0 8] 

jt@s&tt, i>T4fL, (A^taiAtomi 

ff) #HS5ft7c[H]g§TSofco utJDfcft, fiE*«r^ 

[0 0 0 9] M^!f, C R T (cathod ray tube)^©* 
XmWtVkm^t LTffll^T-^D ^fi^xi?^;l/ 

B© .AJjMHL t "t<D XtiMHLK ti L Tstf ^ ft 5 BHi© 
Wfi i: OffilOWJSMfliH:, ^ttSW^ fe<D£fcoTio* 
©T\ x-T^;LS{t7-^tJJESStc^fS7^Mi*?4^ 
* § 7c A& tc , a^^HIIJ % * V ^ O. Ti? fVl-T + u } f 

mmmzmz. z mmwr* , n ^ ©m j.wt o 
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frSW^-fctt, UlSJcUSftSffi (HID -5 

£f7bft&7n$£fte>ft<ft§ 0 C©±^&ffiiE*fr^fc 

cd s^ntus 5 ciic&So $fc> m$n?%& 

L a* & :HiU ; i 5- 4- < ft 5 c 

[0 0 1 0] *f8Wfc7 cOJ;9&P»»l*t5/:i6 
Kftia»*ffi«-r set 3£-9KJS fc t S o 

[001 1 ] 

ttHtH?*r * fcfcO^lQ *iffl©fy^;l/ • 77 
n fc 7 7' £ /Mg* 7 ft fSf -5 »o frfDMffilti tl mSL%M 

ft l , mm t fc g« a 7 rmc sas* ai tj * & § & 7 

ti § mmommmziMW l fc n t js c fc a # * * s -r s 
Ti-vvm^%W3?%7i-a?mtK±i^®t, mi 

too l 2] 777*7 *5SWt?*4, MMBfio^y^ 

if l, ±r<onmmfj^m(ovmmti<om\^fiti c fc 

77P7<3^dl77^iC©7'7^7 • 7ta^"Ift 
liISS*«^-ri»tc^LT, S$tai7J#Sfc LT\ tfttf 

77^7- 77p7f«q]ESrtt, ^^MOiTi TWf'H) 

J7 Dfcfe©fcftS<fc?&7 7 ^ K*SJ»"f S m 

[0 0 1 3] £©«fcd£, ^77^7 • 7-fu?S&m 

mt. ey&t$>w>j£fen<Dfa®zm3.?zz. tic 

X, 7is2>im^<DTi-v 7l§7^0^tf fiiSfflt 

ft&x&ft&zzttfflfe'ViD&n-v. M^(i\ 77^ 

;MH *t- ^*bC R T H©S5?;£gffl©7 7 n 7fI7- 

*77^ • 7-rxi>?mm%b*.m 

IWWIHIl*fc«*-£S<:i:a:<s 7©7-^**SL 
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X ^ S UMHfc: IScf'I L fc 7 7 d tH/j 7 Z -5 

mmtm^n^z-tizt^,, 7©ii277 gmtt 
tt osjawRitiftas fc ft a © t% 7 s ivmm. 

©^MfC&s $ft (C *f JEST? tic^Kft^o 
[0 0 1 4] ft4b\ *^©7"7^;U • T7d7«hI 

LT-te< fcfcfeC Sf32p)?^i(07^-7«777nt 

7S7n§«^ai77S(c^ ltir! ctWM^^fit-^r 
io >:c ^--r , 7v:f7f ; ( Jj J7<7'j'-;.:i7i:iV;ftre'77.-> 

[oo l 5] £©J:d»c«Jt*SSfflLfc*£Ett, 
«$|JW7SA\ Wft|Ml8ST'll«T'f S(DT\ 
7-f\ ^Mttt7>Wnitift7 - 7^;l, • T7n7l£'fS0 

[0 0 16] $7 *^3iJ©77^7 • 7'7p7r41it'l 

MzmfctzicMLT, m i p/fssi(tD*Mai±j^®£D^ 

fil*^<DlKfefflf*T?^i6 e>tifcJ:fc** 7o. 7T« 

m'^w.77a/jHH777 1 e^fiiv)^fi!^prfjEfi t ft § <t 

7Hx7i>ci ; i"j' "i 1 fc oH'7'-.-Z> ; 
[0 0 1 7] _.D 77c.f ( 77^77-?7^ ■ 77n7 

WD *7 o ftW&t, 7 7 P 77 7© 7 7X 7-77\ 
ittWfc-^tSJlP^tiS,, <l«fc46, ± r 2c0i9ftvt 
30 L T 77 ^ 7 • 7 7 P ^$»|e|»* 

7-7ll»^gi|3ilT'5^^ft^7'777b • 7tn7l 
^IHSS^f i"4i5:ii,:-l7, 

[0018] 

<m 1 HW5H>I! 1 *M5Hc7.)77^^ • 77p7'S; 
^IfjlESti, 3t'7 h077^^fi=^^77p7M77i: 
*y7>M£7C7* 
40 [0 0 19]ait, II H«irt5Si©7'7^7 • 77 p 

;l/-7tn»nmt 7p-7i l fc, 

M 1 2 . ~ 1 2 7 fc , 2 OC«iSW»|n|iS 1 3 w I 3 1 fc 

[0 0 2 0] 77-71 Hi, \ijc7<77 7^^f,,i> 

d i (DfanKttfctz&fM'Mmno e, ~o e-. 

7^N^-;7o 7p-7i Hi, x7^;l/fS^DI<7) 
I OSttWs m (m=0~7) 77->7^7, tfJ^«&J» 
77()F (i Sm) fcLT7 KSIS "1" i:7777; 
50 fg^mTjU tBTJSiJWI^OEj (j>m) fc L7 
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mm "o" Kttfo?&iE^*iirtitz>» 

[0 0 2 1 ] WffiM 1 2.-1 2 r «, JcftZtU 7*3 — 
£X 1^6Ottl*SiJ»I§0Ei~0EitJ:-3T, «it 
fH '1X1 > • :t7MW&£tl3lIlE§T*&'X 'IflftiK l 
2, Ck=l~7) Kilffi "l" tctt&t&ttiJlffl 

»fs^ o e k ^A7: $ nfc fc # tc , * xmi t%% 0 m 

SLT$5i7E, 3fttiKil 2.-1 2;©«StffJ;*jtti6 
Jd^l^tlTfeO, ^TOM 1 2,-1 2 ; #'{±}7Jf 

5«ft<DtfeW\ r^-P^tH^Anrr ^LTUiTWl 

5= 10 

[0022] mtm.w^m 1 3* ( X A . B) it, a- 
M^fS¥c s« tjiSu;fcffli:-rsfe4<>0#j«i*ff -SFfi 

3 » % S 1 2,-1 2 , t mm SftT to 0 , Ctl 

wmssi 3.ti % aD©4o©*3jKSBi 2<~i 2.0 

0^ 1 3x^«. HMiiSfi"°-c s, i: LTs ^n-?'tx 
zmu^/i^msh^mmmsn -s„ #A/j*n« 20 

[0 0 2 3] JXR [hUSH (K2) 2rjl<X7A *-rS?£ 

X, ftts, MgftMUlSg 1 3 *. 1 3b tt, TSJ <£b!<tf)F 
gST'S '9 . MffiM 1 2,-1 2t t>m~mf8.<D® , &X~3b% 

fcV), m 2 ta, imm®®i& 1 3 * ^ibiss 1 2.00 

[0 0 2 4] H>i; LTc <fe b \t, WMWlelES 1 3 * Si, 
6 -DO) P f- -V t-XX'MU Sh7> X\X 2 2 1 — 2 6 

Sh7>^^Z7, 2 8 ic £-oXm$.2tlX^Z>o % 
t5, MO Sh7^X?2K 2 2, 2 3, 2 7 it, f- 
•v */l/g#W L < %X «fc 5 fcJ&frSttTVSo 
[0025] 'BrMWuu^ i 3 « fycou o s h 5 y 

£2 1- 2 3CDV-X(i, W4 1 klJgM^ftTfe 
•? , M O S h 7 > XX * 2 1 - 2 3 CO F F-X Ztl 
^tl, MO S h7>vX^2 4- 2 6(DV—XiCi%ffiZ 
tlXb^o %Tc, MOS h7>yX5f2 1~2 3©7- 

h?i, fjws^ii4 2 tsisnti'>s„ $/c, 'ly^fg 40 

MOS h^>v=X^2 4-2 6«FL-f 

x^x %.9.mM3 ot, nwmi 2«©mos h7y^ 

X£2 7 «'7 V - h fcgil^nTI/^o 1>T, MO Sh 

7>>>'7,#2 4-2 6<oy-htti, *n^pn, s^nos 

[0 0 2 6] 2,^MT^MO S F7>y'X 

£2 7©V-X«, MWM4 1 fcS8K*nTfc*3, Fb 

xxxx mos f^x-xx^ 2 soy— xtSBK^nr 

l/^So M OS h7>->"X^2 8 <D^f— httt, f3-? 50 



1 <Oai**J»e** O E , ^7v73 e nx $5 0 , M O 

S h =7 y V X ^ 2 8 © F U -f> , 7 7- n ^(4i fj A MT 

o mtrctboismst 1 3 icssiR^nT^So 

[0 0 2 7] MO S l-7>i>'X^ 2 1-2 3 t MO S F 

i?z$<DY— btv-7.it, mmc&mztix^z 

tzit, £ftt> (O M O S h7> v X ^ § gP5t tt . * 
Vy F • 5.7 — i: LTSlff f § o S fc, M OS h7 > > : 
X^2 1-2 3 e tl^Ptl, X Y -v ^ > LTlit 
§ M O S 1- 7 yisXZ 2 4 — 2 7 sb^tt^JJcg^.^ tlTt ^ 

©MOSH X X'X ^ tc iot, * U X F • 5 7 - tf* 

[0028] Mx a', m^S/Efs^ c s.av mo s b 

7>X"X^ 2 4 f£it^ "*x" ttKcM'Ht^ifs,, 
X&ifcMiSlClt, MO S h7>XXX^ 2 4 fcMO S F 
7XXX^2 7t±oT*l/>h • 5^-*^$n 
S« Sot, CX)lj3i: ! : , SMMl 2iF*3<OMOS h7 
> >"X'/ 2 8E "1" U--X;F©t±j;j{fiWI^O E ; ij\K. 

ijznrctziat, maul 2, -h^mw&A 3ix i 
case, = cw» /w« ) • ii-p^ts^^nsi 

» Zn^tls MOS h7X>X^2 7. 2 

[0 0 2 9] in|»£!X WMMMiS^C S*tf\ MO S h 
7>yX^ 2 4 HIO S h7>y X'V 2 5 <h* "XX" 
tt^tfJlHri-SM^S*. fcS« Xh-oTc^K, MOS 
h7yyX^2 8l(l "1" F-S^CDWTjflflJtPffiXjO E, 

if A htntctz k a > fs%£ i 2 : ^ MH-m 4 3 

lew = (Wit / (W«. 4-Wa ) ) « I»cX«7v 

C S , 7J\ 3 -3©M O S h 7 > -XX X 2 4 — 2 6 X F 
"XX" ttJBKSIW-rS^Su -S.« TS-j/cif&K 
(4> 2,^&'Ts4§^4 3tX ! = (W« X 

cw« +w, 2 +w 2 :, ) ) ■ ivxM-gtizwmmmz 

O S h7>y*7^ 2 2, 2 3 or <Cin+ -y XXijMX FX 

[0030] Bii %m^xmwLrc& o k, WMmnm 
mi 3 a it, nmu 1 2iTk xsmmm 1 2 > 1 1, igii $ n 

Tl^„ ~(Dfz&, WMMl 2ztWm\ 2,t. 
$ypl§IS§l 3^2A7U^tlTX^M^ISS#f4f C S t ©rt 



1 2X±, [ft] 



2 



^ t is u tewtm & jj 1 5c -r * t? % 

3 a fcJSNdSttT^S 3 otO'B?5t«g 1 2 , - 
C«J)lfEfflO*jjS* H!ir4X „ 

[0031] 12.-12 , osfrf^ fe 

. - 1 2 3 ra«CQ fe O-Pfe <9 , a-Wr^f 1 2 

7 it, * ym% tz-Dtzti*, mmumm^ 1 3.tc 
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[0032] z<D£?iz, ^Tiff/I • 
mwMwm i 2 . ~ 1 2s ti. s^rsszfi-^c s » tort 
mc&vrzU'<ji<DWffi*mij u 2,-1 2,- 

(4, ft^SgJEfS^C S » <Drt£fc:jS t2ft l^/KDmSft* 

mt/-r^„ zotzib, mmm 2, — 1 2,#wrtuii 
n^ntn^s*^, k, i,-eatfc^ t^*/f 

fSfMWr<r§<2 k,, k U. ±i£L 

ftWn /Wn , W,7 / (Wa fWa ) , W» / (Wa + 10 

mn^^^mom^ w 2 . =1.5 -w.,, =0.5- 

Wa , Wa =1.5 -Wa ti^/iWiisnti-^ 
n/r, k, . kitt, 1.5, 1.0, 0.5©tt'£D^-fti^(D{a 

[0 0 3 3] 3 fc^Lfe «t -5 &C, tfy^/l/ • 77n 

out = D I x k, 1 0 tffiSuxU D I # 4 &L±T'3b-2tct% 
(\ A oar = (D I — 3 ) < k I . f 3 k. 1 0 tfjjluiT 

■Ti-ny&mmmz, H4lcW^LftJ:?K 1 2*0 
^ ;)y • T + n 2/£m@£§ 4: LTittt3„ £ ft , 

k,, k ? {4, *ti^n, 3a©fis*>&aw^*sfis?ft 

&©T% C<07i7#;F • 0412^ 

[0 0 3 4] C <D <fc 9 12, 31 1 «0f-^;l/ • 7 30 

434: UTfclfrftrS-es 2 ii^MlffiT'feSOT*, COxv 
• 77a^M3]g&£ffll2>T, Ji^Wi^hr*U 

Tss 7 : > z jimmy"- # tc ns tiwi%^«*-&-f 

ftv £53ljlQ£Sfc: i -a TS*^n5^fttt^t3 
o ^©ffiSlCgJBfcttJS'^SrSCfclC'S: 40 

5o 

[0 0 3 5] <fif 2 SS6fl£Jg>0 5 (2, m 2 %Wt>W> 

ft 4 r> t2, m" 2 £jffigJB©"r^*>U ■ 7:h:^St|RSi 
{4, f3-^l 1 7-J0)fgft^i l 2,-1 27^, 2 

ooSSE-t— ^0fS 14,,. 1 4 1 fc, &t8fffirj$PiHlfg' 1 
5 2:, 200»j5itfroiHl^l 6«, 1 6. tfrZMl&Zft 

H 1 2,-1 2 7 14, jg 1 MtimWD'ri'Zfr -71ru>7 

w®.\mt*mz.z> ; r^~~? i i , rn.rn.rn 12,-12,4: 50 
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«lOf->"^;l/ • 77n^&|R|KH4, (iff, $ 1 Mi 
fl(Df->*^/b • 7tnM»l2 

14a, i 4b t±mmMmm^ 1 5 <2^f^nLft@m2 

[0 0 3 6] FCF, B6»^ *7v^;l/ ■ 77n 

>":-X>4i« l 4,-., 1 4.tt, ttii'. ra ■m&<Dm&-v$> 
D, till 2,-1 2 r 14, ±<fs] ffiJ«0|s|KT^5 
ft&, 0 6(2 (4, ©tMl 2: tajJKt-^lsiBn 4*4: 
I 5 2:«git;WfflJ15ISS 1 6 , <O0BS«^ft 
tt^LTSli,, $ft, CtOfsM^Ucfc^Tfc, SM 

o s h v> vx^7-v *;i/fif4« l < ^s^nr^ 

So 

[0 0 3 7] HSLftJ;-?^, mW«H3f& 1 6a (4, 

mmmmmm \ 3 , <D7mmm 30(02 mm <Dfit> 

*) t, nft*^!MO S h y>isXZ 3 1 *j8ttfc|s| 

[0 0 3 8] 'l^-^@Kl 4U4, + 
W: l2 A\ Wjfttg 1 2 1 toMO S h7>yX^ 2 7 i/J2i 
a^^^-MlW^ <D0.3fg£KA£SftftMO S h -> > :7 
X 3 2^V-X2:7-h^, -2-tK-H. hKHIR4 1 
fS^S 4 2 !2gMt'S 2 i:t2 4o TifKnt^l. f 
^t>o, Sijt^r-^lel^ l 4irt«MOS 1- v 2 i 7, 
3 2(4, •^CDFU-Yyl:^, Vji-2ift 1 2,-1 2:.rt(2 
,.2>:) 2.4rC- -S 3OCDM0 S h7>2'2^ 2 7 CO F l/Y 
>'«M©ftJ« i/i 0 i:^S «fc o t2, Sjgffi 4 l ms\c 
m^B4 2KMLX mWMl 2,-1 2ifc*fLT> SE 
^tlTI/^. -f-LT, MO S !- v2 > ^' 3 2 yj H 2 
7 2-v^^. t^HttMo, 4: LT, ^IIMWIhISS 1 

[0 0 3 9] K6 (Ctt7i2LTl7^(.^*2, ft^n^lUKS 

L, S^n^HSSl 4»t«, UStt^^HSS l 4,4: 

[y]£§ 1 4irtOM0Sh7> £ 3 2 L T (4, H^lj 
7 4' ^;l/ili'W7j\ M 0 Sh7>y'X^2 7 oy^Myf- \> ^ 

;utiw 2 7 too.4f^(2is£$tift h7^Xi?Aii^n 
tv*o t'-^j2. .Ri.-k-e.;.^!,.]^ 1 4 8 (4, mmm\ 

24 — 1 2, l^ItrSff 6tlTt^ 4OCQM0 S h^y/X 
^ 2 7 £0 F FY >ai^(2)|n© 1/10 £\ :7f!();M 

[0040] ±wm.mm®ffi i s a, imm r . -2^^ 

Sft/'i3 3 4: /feiil*;;,/! 4JC«fcoT«fiK*nTV^o 
MfttgSgg 3 4 ©#SIEA^*?t2 (4, S2p'lrF V , ifi 
A72?nT45D, .SfeA7jiS!?(c(4, H*f»eW?»!b^«J: 
5(2, Sfet3 3l2ctoT, WE^fcSJftSnfc^-^ 
(Ji/jMoA fc^^m^M- f.>Kl^>,'je:!lTl -2 
T, ;fftlf?*S 3 4 0i!.!;/2 «^ L MtPlHlMSl 6* ft© 
MOS Fv>/X^3 1 Oy-F 12X^3 ^tlTt/^c 
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[004 1] coju'j %mf$.*^?%>m 2 mmmmo^ 

7j©ftltfVi/Ri iWfl/^, M-ibtite.ij§3 4©tH 
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